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Fig. 1. Water phantom in the same position on the couch

Fig. 2. a,b Water phantom for different size of
sphere (b)
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(a)

Fig. 3. a,b Activity profile for different size of sphere
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Table 2. Distal falloff position compared with proton therapy plan and PET CT measurements by sphere size

S 37 mm 28 mm 22 mm
phere
Dose PLAN PET Difference PLAN PET Difference PLAN PET Difference
(cm) (cm) (cm) (cm) (cm) (cm) (cm) (cm) (cm)
100cGy _ _ _
(50%) 8.86 8.72 0.14 8.76 8.75 0.01 8.45 8.4 0.05
90cGy _ _ _
(45%) 9.1 9.05 0.05 9.09 8.98 0.11 8.68 8.58 0.1
70cGy B _
(35%) 9.21 9.22 0.01 9.15 9.06 0.09 8.81 8.69 0.12
60cGy
2 2 2 - 1 2 -
(35%) 9.3 9.37 0.05 9.28 9. 0.08 8.9 8.8 0.09
50cGy B _
(25%) 9.51 9.51 0 9.37 9.36 0.01 9.02 8.99 0.03
40cGy _ _
(20%) 9.72 9.71 0.01 9.5 9.55 0.05 9.11 9.13 0.02
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Analysis of the Range Verification of Proton using PET-CT

Department of Radiation Oncology-Department of Nuclear Medicine” Samsung Medical Cente

Joon Young Jang, Gun Chul Hong", Sey Joon Park, Yong Chul Park, Byung Ki Choi

Purpose: The proton used in proton therapy has a characteristic of giving a small dose to the
normal tissue in front of the tumor site while forming a Bragg peak at the cancer tissue site
and giving up the maximum dose and disappearing immediately. It is very important to verify
the proton arrival position. In this study, we used the off-line PET CT method to measure the
distribution of positron emitted from nucleons such as 11C (half-life = 20 min), 150 (half-life =
2 min) and 13N The range and distal falloff point of the proton were verified by measurement.

Materials and Methods: In the IEC 2001 Body Phantom, 37 mm, 28 mm, and 22 mm spheres
were inserted. The phantom was filled with water to obtain a CT image for each sphere size.
To verify the proton range and distal falloff points, As a treatment planning system, SOBP
were set at 46 mm on 37 mm sphere, 37 mm on 28 mm, and 33 mm on 22 mm sphere for
each sphere size. The proton was scanned in the same center with a single beam of Gantry 0
degree by the scanning method. The phantom was scanned using PET-CT equipment. In the
PET-CT image acquisition method, 50 images were acquired per minute, four ROIs including
the spheres in the phantom were set, and 10 images were reconstructed. The activity profile
according to the depth was compared to the dose profile according to the sphere size estab-
lished in the treatment plan

Results: The PET-CT activity profile decreased rapidly at the distal falloff position in the 37
mm, 28 mm, and 22 mm spheres as well as the dose profile. However, in the SOBP section,
which is a range for evaluating the range, the results in the proximal part of the activity profile
are different from those of the dose profile, and the distal falloff position is compared with the
proton therapy plan and PET-CT As a result, the maximum difference of 1.4 mm at the 50 %
point of the Max dose, 1.1 mm at the 45 % point at the 28 mm sphere, and the difference at
the 22 mm sphere at the maximum point of 1.2 mm were all less than 1.5 mm in the 37 mm
sphere.

Conclusion: To maximize the advantages of proton therapy, it is very important to verify the
range of the proton beam. In this study, the proton range was confirmed by the SOBP and
the distal falloff position of the proton beam using PET-CT. As a result, the difference of the
distally falloff position between the activity distribution measured by PET-CT and the proton
therapy plan was 1.4 mm, respectively. This may be used as a reference for the dose margin
applied in the proton therapy plan.

»Key word: Proton therapy, PET-CT, Proton dose distribution, Distal falloff
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